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ABSTRACT

Volume I of this report presents the results of a study of the dynamics
of South Beach located adjacent to Crescent City, California, conducted
under Contract No. DA 19-129-AMC-684(N) between Atmospheric Research
Group and the U. S. Army Natick Laboratories. The objectives of the
work were twofold: (1) to relate the beach dynamics to the overall
morphology of the Smith River Plain, the region in which the beach is
situated, and (2) to develop techniques to accomplish the study. The
Smith River Plain is a lowland segment of the Klamath Mountains Province.
The structure of the Plain is controlled by diastrophism. The general
configuration of the Plain is controlled by location, orientation, and
exposure of bedrock. To conduct the study within the scope of the project
necessitated the selection of several key sites and the utilization of
specialized sampling techniques for seasonal profiling and for short,
intensive study. South Beach is an arcuate beach, about four miles in
length, composed principally of medium to fine grained sands. The beach
reflects only minor seasonal or ti'al variability, and its configuration is
controlled by its exposure to wave forces by local geomorphology.

Volume II presents a tabulation of the statistics collected during the
study. They include: (1) summary of wind speed and wind direction data
from an automatic Mechanical Weather Station located on South Beach, (2)
measurements of beach dynamics on South Beach, (3) analysis of
mineralogy of beach sediments, (4) explanation of the problems experi-
enced with the underwater experiment, and (5) data from the offshore
experiment.

ii



FOREWORD

This study was performed under the auspices of the U. S. Army
Natick Laboratories under Contract No. DA-19-129-AMC-684(N).
The field study was conducted during an eighteen-month (18) period
ending 23 December 1966. As proposed, a total of twelve (12) man-
months of effort was expended on the study.

Particular acknowledgment should be made of the services provided
by several people from the Crescent City area. They were: Cliff Lewis,
Roy Magnusun, Jerry Needy, Jay Clark, and William Melnikoff, each
of whom helped with the field studies. Thanks would be given, if possible,
to each of the residents of Crescent City who in their passage onto and
along the beaches did not disturb the sometines nuisance paraphernalia
of the experiments.

iii



TABLE OF CONTENTS

Page
ABSTRACT ii

FOREWORD iii

I. INTRODUCTION 1
CObjcck,," s

Location I
Previous Investigations 1

II. GEOMORPHOLOGY OF THE SMITH RIVER PLAIN 6
Evolution of the Present Landscape 6
The Present Landscape 6

III. THE COASTAL ZONE 12
Processes Affecting Coastal Features 12

Wind 12
Wave s 14
Littoral Currents 19
Tides 19

Coastal Features and Regional Geomorphology 20

IV. EXPERIMENTAL TECHNIQUES 28
Site Selection and Description 28

Beach Profiles 28
Beach Grids 28
Offshore Grid 31

Schedule and Procedures 31
Seasonal Profiling 31
Intensive Study 31
Onshore -Offshore Coordinated Study 33

V. DYNAMICS OF SOUTH BEACH 37
General Description 37
Seasonal Beach Variability 37

Beach Morphology 42
Sediment 42

Short-Term Tidal Beach Variability 56
Within-Tide Variations 57
Between-Tide Variations 57
Observations from Onshore-Offshore Coordinated Study 57

iv



VI. SUMMARY AND RECOMMENDATIONS 65

Controlling Influences of the Smith Rive- Plain 65

Orientation 65

Tilting 65

Sediment Sources 65

Beach Dynamics 6o

Characteristics of South Beach 66
Relationships of Agents of Beach Formation 66

Recommendations for Future Studies 67

Duration 67

Logistics 67

Wave Measurement 67

Automatic Data Processing 67

v



List of Figures

Page
Fig. 1. General Location Map 2

Fig. 2. Northern Half of South Beach 3

Fig. 3. Southern Half of South Beach 4

Fig. 4. Structural Trend I 7

Fig. 5. Possible Geologic Anomalies in the San Andreas
Fault System 8

Fig. 6. Castle Rock. 10

Fig. 7. "St. George Formation" 11

Fig. 8. Prevailing Wind at Smith River Plain 13

Fig. 9. Storm Tracks Affecting the Smith River Plain 15

Fig. 10. Crescent City, Isolines of Wave Direction 17

Fig. II. Crescent City, Isolines of Refraction Coefficient (Kr) 18

Fig. 12. Mouth of the Smith River and Structural Trend II 21

Fig. 13. Mouth of the Smith River Shuwing Sand Bar 22

Fig. 14. Active Dune Fields North of Point St. George 23

Fig. 15. Point St. George Showing Jurassic Seastacks 24

Fig. 16. South Beach Showing Mouth of Cushing Creek near ARG 26

Fig. 17. Jurassic Cliffs, Appruximately 250 Feet High, Exposed
along Structural Trend I 27

Fig. 18. South Beach Investigation Program 29

Fig. 19. Grid Lines 30

Fig. 20. Configuration of Offshore Grid 32

Fig. 21. The Displacement of Sand is Measured for Within-Tide,
Between-Tides, and During High/Low Energy Condition
Variations 34

Fig. 22. Sand Plug Experiment 35

Fig. 23. Diver Approaching Sand Measurement Rod rn Offshore
Grid (August 1965) 36

Fig. 24. CESF Range 1 38

Fig. 25. CESF Range 2 .38

vi



F

Fig. 26. CESF Range 3 39

Fig. 27. CESF Range 4 39

Fig. 28. CESF Range 5 40
Fig. 29. CESF Range 6 40

Fig. 30. Trough and Bar at Site 3 During Low-Low Tide at
South Beach 41

Fig. 31. Summary of Seasonal Profiles at Site 1 43

Fig. 32. Summary of Seasonal Profiles at Site 2 45

Fig. 33. Summary of Seasonal Profiles at Site 3 46

Fig. 34. Summary of Seasonal Profiles at Site 4 47

Fig. 35. Summary of Seasonal Profiles at Site 5 48

Fig. 36. Summary of Seasonal Profiles at Site 6 49

Fig. 37. Summary of Seasonal Profiles at Site 7 50

Fig. 38. South Beach at Low-Low Tide at Site 4 Showing Bimodal
Sediment Matrix 51

Fig. 39. South Beach at Low Tide Illustrating Low Energy Wave
Conditions and Relationship of the Submarine Experiment
to the Subaerial Experiment (August 1965) 52

Fig. 40. Detailed Seasonal Profiles, Site 4, Summer 53

Fig. 41. Detailed Seasonal Profiles, Site 4, Winter 54

Fig. 42. Erosion Along Small Creek Outwash near Site 4 Showing
Bimodal Character of the Beach Matrix in Winter
(December 1965) 55

Fig. 43. South Beach at High Tide at Site 4 58

Fig. 44. Short-Term, Between-Tide Variations at Site 4,
Summer Period 59

Fig. 45. Short-Term, Between-Tide Variations at Site 4, Winter
Period 60

Fig. 46. Short Intensive Study, Summer 1965 61

Fig. 47. Short Intensive Study, Winter 1965 62

Fig. 48. L,. nmary of Offshore Experiment 64

Maps in Packet:

Map I Geology Adjacent to Smith River Plain

Map 2 Geomorphology of the Smith River Plain and Vicinity

Map 3 Geomorphology of South Beach

vii



I. INTRODUCTION

Objectives

This report presents the results of an investigation of the dynamics

of South Beach located adjacent to Crescent City, California, and the
relationship of that beach to the geomorpho'ogy of the Smith River Plain
(Figs. 1, 2, and 3). Although the primary ebjective was to investigate

the beach processes and their relationship to the overall region, a
secondary, but significant, objective was to develop suitable techniqutes
to accomplish that study. Therefore, tne report presents a discussion of
the geomorphology oi the region and a description of its coastal zoiues, an
explanation of the experiments done on the beach, and a summary of the
relationships of the factors affecting the dynamics of South Beach.

Location

The Smith River Plain is a rectdngular coastal lowland of about t00

square miles located approximately 25 miles from the Oregon border in
northwestern California. The area is about 280 milej north of San
Francisco Bay and 275 miles southwest of Portland, Oregon. The approxi-
mate geographic center of the area is 41° -,3 ' North latitude and 124V 13'
West longitude. The general region of consideration extends from the

mouth of the Smith River tu the mouth of the Klamath River, a distance
of 28 miles.

Previous Investigations

Only a few previous geologic or geographic investigations have been
made in the study region. Of these, tue information of greatest value was
fo-.nd in an article by William Back entitled "The Geology and Ground Water
Features of the Smith River Plain, Del Norte County, California." This

report and the other previous works by Irwin (1960), Maxon (1933),
and Taliaferro (1942) are referenced in the bibliography.

The Atmospheric Research Group's (ARG) initial investigation in
Cres(c.nt City was started in April 1964. * That investigation was limited
to Iwo subjects: (1) studies of the subaerial effects of precipitation and
wind on the backshore, and (2) studies of the effects of waves on the
beaches. It had also been hoped to study the effects of the tsunami of
March 1964 as a geomorphic agent in the shaping of the Crescent City
Beach. However, despite the fact that the field work was initiated in
early April 1964, the hach was substantia'ly changed before field obser-
vation could be initiated. Thi, U. S. Army Corps of Engineers, San
Francisco District, had all debris remover' from the beach after the

tsunami. The removal was ordered by the Corps to prevent possibly
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Fig. 2 Northern half of South Beach. View to northwest across the
harbor at Crescent City, California, toward Point St. George
(August 1965).
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Fig. 3 Southern half of South Beach. View to southeast over area
of intensive beach studies with the coast range in background
(August 1965).
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contaminated material from becoming a health hazard. Hence it was
impossible to study the specific effects of the tsunami on the beach.
During the study, however, it was observed that despite strorng winter
storms, South Beach showed very little variation. This observation was
the primary stimulus for the present study.

ARG 64 FR-186, "The Effects of Wind and Precipitation on the Modifica-
tion of South Beach, Crescent City, California," 14 October 1964, under
Contract No. DA-49-092-ARO-38.
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11. GEOMORPHOLOGY OF THE SMITH RIVER PLAIN

Evolution of the Landscape

The Smith River Plain is a lowland segment of the Klamath Mountains
Province of northern California (Maps I and 2). The evolution of the
Plain and surriunding highlands has been dominated by diastrophism.
The eastern boundary of the Plain was formed by the Del Norte fault
(Structural Trend I), the northern boundary by transverse movement
(Structural Trend II), and the southern boundary by the uplift and tilting
of a bedrock platform (Structural Trend III).

Prior to the Pleistocene, normal faulting along Structural Trend I
(Fig. 4) resulted in the lowering of the Jurassic bedrock platform of the
Plain below the general level of the adjacent Klamath Mountains. During
the same period, Structural Trend II resulted from both normal and
strike-slip displacement and let to the indentation of the northern seg-
munt of the Plain. Tilting and uplift along Trend Il during the Pleistocene
and again post-Pleistocene, elevated the area of Point St. George slightly
higher than the remainder of the Plain. Hence the relative deformation
at Point St. George appears to have been the pivotal point around which
the basic morphologic differences of the Plain have been derived.

An article by Wilson (1964) refers to a series of anomalous conditions
associated with the north end of the San Andreas Fault system. Although
the article does not relate these anomalies specifically to the Smith River
Plain, it is of interest to compare his findings with this analysis of the
Plain. As illustrated in Fig. 5 which is patterned after one of the figures
in Wilson's article, it appears that an irregularity similar to those shown
by Wilson in the offshore zone may be related to the conditions which
formed the basic structure of the Plain.

The Present Landscape

Map 2 illustrates the present geomorphology of the Smith River Plain.
The following discussion relates to the profiles indicated and illustrated
on Map 2.

Profile A-A' extends from Round Rock in the offshore zone to the
confluence of the Klamath Mountains and the Smith River Plain. The
extreme western rnargin of this profile consists of materials from the
northern coastal range Jurassic prinmary materials. The middle area of
the profile, approxirrmatcdv from a line of a fault which appears to extend

The reader shou••i reLfr to Maps 1, 2, and 3 enclosed in the packet
bound at the end c.i .h:p volume.



Fig. 4 Structural Trend I looking from north to south along

U.S. Highway 101 (August 1965).
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from Whaler Island toward Sister Rocks, is an area of recent littoral

materials. The eastern margin consists primarily of the Pleistocene
Battery Formation of fluvial materials.

Profile B-B' extends from Point St. George to the Klamath
Mountains and consists of a very narrow zine of Jurassic material at
Point St. George inland to the marine terrace, the Pleistocene Battery
Formation (fluvial). A zone of inactive dunes is shown on the western
one-quarter of the profile. The eastern half of the profile reflects the
dissection of Elk and Jordan Creeks. This material consists primarily

of the fluvial Battery Formation with small areas of recent fluvial
deposits along the stream courses. The eastern end of the profile
again reflects the Jurassic material of the northern coastal range.

Profile C-C' extends from the present iittorai zone into the Jurassic
mountain mass. The extreme western margin of the profile is a zone
of active sand movement and dune formation. A major dune field extends
inland to the Lake Earl area, about one-third of the profile. The inland
margin of Lake Earl is a recent reworking of the Pleistocene Battery
Formation. The eastern one-half of the profile is dominated by the
Fort Dick terrace (after Back) and a second terrace, shown here as the
King Valley High.

Profile D-D' extends from near the present mouth of the Smith River
through the active zone of deposition of the Smith River Plain to the
Klamath Mountains. The profile consists of an area of recent oceanic
deposition, recent fluvial plain from the active Smith River, an older
Pleistocene flood plain associated with earlier outwash of the Smith, a
narrow fluvial terrace from the Pleistocene period, and a fan area which
;s also believed to be of Pleistocene age. The Jurassic material again
forms the eastern boundary of this profile.

Profile E-E' extends from Castle Rock (Fig. 6) to the present mouth
of Rowdy Creek. The southwestern end of this profile is Jurassic
matefrial. Onshore, the profile starts in bedded Pliocene marine sands
and shales (Fig. 7) and extends through active dune sands, relic dune
sands, areas of recent deposition near Lake Earl, and through a Pleisto-
cene swell which reflects several outcrops of Jurassic materials. The
profile crosses the present bed of the Smith River and a fan resulting

from outwash from Rowdy Creek ends in the Jurassic mountain are4.,,
This profile illustrates the general tilling of the Smith River Plai-'err0m
the south to north which resulted in tl' migration of the mouth of the Smith
River toward the north end of the Plain.

9



Fig. 6 Castle Rock. Jurassic outcrops at Point St. George; note
possible continuation of Pliocene terrace (December 1965).
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Fig. 7 "St. George Formation", bedded Pliocene marine sands and
shales exposed at Point St. George behind "Pebble Beach"
(December 1965).

11



MI. THE COASTAL ZONE

The general configuration of the coast of the Smith River Plain is
controlled by the location, orientation, and exposure of bedrock. The
position and alignment of each beach reflects close correlation between
availability of sediment and exposure to the forces of breaking waves.
The configuration of any specific beach is determined by its location in
relation to energy dissipation across the bedrock sea floor and against
the terrace or back-beach margins. Where energy is dissipated against
headlands, such as those north of the mouth of the Smith River, along
the southwestern facing reaches of Point St. George, and at the extreme
south end of South Beach, the major morphologic activity is erosion.
Where an excess of fluvial materials is available and where wave energy
is slight, deposition occurs.

The beach north of Point St. George is stable. This is apparently a
result of the balance between the effects of wave action and the supply of
sediment from the Smith River. South Beach is stable because of the
apparent entrapment of materials within the beach area. The latter
beach will be discussed in detail in Section V.

Procesaes Affecting Coastal Features

TLe principal jrocesses which control the formation of the coastal
features in the Crescent City area are wind, waves, littoral currents,
and tides. The salient characteristics of each of these processes is
described in this section.

Wind

The prevailing winds affecting the Smith River Plain are from the
northwest (Fig. 8). Winds recorded during the study are summarized
in Volume II.

It should be noted that the topographic features of Point St. George
modify the prevailing wind flow. From the data collected during the study,
it appears that there is a major counter-clockwise eddy set up by Point
St. George and that there is subsidence of the air flowing over the rise
of the Smith River Plain. As a result, the winds at South Beach are often
onshore or exhibit a modest onshore component even during periods of
rather strong northwesterly flow over the north,'esterly-exposed
portions of the Plain.

The effects of these prevailing northwest winds are indicated by the
extensive dune field north of Point St. George. The dunes result from
high wind energy coupled with a surplus of sediment from the Smith River,

12
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About 75 per cent of the storms affecting Crescent City approach the
area along storm tracks from the northwest while only about 25 per cent
of the storms affecting the area follow tracks from the southwest (Fig. 9).
These latter storms are significant because they usually cause heavy
precipitation and have strong wind fields. The most frequent storms
which affected the study area during the period 1964-1966 followed north-
westerly storm tracks, occurred in December 1964 and in December 1965.
In December 1964, the area inland from Crescent City was subjected to
seven days of extremely heavy rain. This rain, coupled with the water
from the melting of a heavy snowpack which had previously fallen in the
same area, caused the Smith River, the Klamath River, and adjacent
rivers to exceed their normal winter flow. The debris and silt from
both river systems were transported into the study region by these rivers
during the storm period. This conclusion was based on airborne observa-
tions and identification of ownership tags on logs found on South Beach.

After the storms of December 1964, it was hypothesized that much
of the debris and sediment transported into the Crescent City area was
delivered as a result of such catastrophic storms following the southerly
track. It was anticipated that if the same conditions were to occur in the
following winter it would be possible to document this hypothesis.

In winter 1965, again during late November and early December, the
area was subjected to heavy rains in the inland region from a series of
storms following the southerly track. However, unlike the previous year,
excessive flooding did not occur.

Waves

The energy prcduced by "rind-generated waves;-" is frequently the most
important factor in shaping beaches. The amount of wave energy that
actually contributes to the dynamics of a beach is a function of how much
wave energy is available in deep water, less that amount dissipated,
principally through refraction, bottom friction, breaking, and internal
friction.

Inspection of U. S. Weather Bureau synoptic charts reveals several
interesting facts about waves approaching Crescent City. The greatest
amount of "swell' energy is generated in winter by the winds in storms

Wind waves are classified by whether or not active wave generation
includes the point where observations are being made. If a wind is
generating waves locally, these waves constitute a "sea." Waves which
have propagated longer distances beyond the region of their active
generation are manifest as ocean "swell." Ir contrast to sea, swell
can be present at a location where there is no local wind.

14
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associated with intense low pressure systems which travel from wcat

to east. These winter storms may occur one after another as often as

every three or four days; there may, however, be calm periods for as

much as two weeks. Regardless of their frequency, the synoptic charts

indicate, as stated previously, that about 75 per cent of these storms

follow tracks from the northwest while the remaining 25 per cent follow

tracks from the southwest. It is this latter group that provides the
most potential swell energy for beach shaping.

The most frequent occurrence of "sea" is also in winter and is

generated by wind associated with the aforementioned low pressure
systems. The prevailing direction of winter sea in the study area is
from south to southwest.

Figures 10 and 11 show coefficients of the height modification and

the change in direction of waver as they pass from deep water (greater

than 600 feet depth) to Crescent City harbor. * Refraction for South
Beach and the harbor is similar since at both locations exposure to

waves and offshore topography are essentially the same.

Figure 10 shows the large change in direction as waves pass from
deep to shallow water for waves approaching Crescent City from the

northwest quadrant. The reduction in wave height for waves approaching
in this quadrant is given in Fig. 11. The bottom topography of St. George

Reef is so complex that it is extremely difficult to determine just how
waves are refracted in this region. Therefore, the refraction informa-

tion for the northwest quadrant presented in the figures should be

considered valid in only the most general ,jense.

Rfraction of waves from the southwest quadrant is much less intense

than for waves from the northwest quadrant because the bottom topography

is much more regular and the direction of wave approach is more direct.

In fact, there is a tendency for waves irom the southwest to converge
which causes a slight increase in wave height in passing from deep to

shallow water. Hence the greatest potential wave energy directed toward

South Beach is from waves with deep water directions from the southwest

quadrant.

In spite of the rather large amount of wave energy occurring in the

area in winter, observations made during the study and interviews with

long-time residents indicate that South Beach is quite stable over the years.

*'Figures 10 and 11 were provided by the U. S. Army Corps of Engineers,

San Francisco District, which has been collecting data on the Crescent City

area for a hydraulic model study of the harbor. That study is being con-

ducted under the direction of the U. S. A. C. E. Waterways Experiment

Station, Vicksburg, Mississippi.
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During the winter it was also noted that the larger waves usually break
at a considerable distance from shore, sometimes reforming and breaking
again, and occasionally repeating the procedure a third time. Such a
breaking wave pattern is due to the very gently sloping bottom which
extends several hundred feet offshore from South Beach. The dissipation
of wave energy by such a process is probably largely responsible for the
apparent stability of the beach.

Littor .l Currents

The regional effect of littoral currents is to transport materials from
north to south from the mouth of the Smith toward Point St. George. The
regional pattern is disrupted near Point St. George where bedrock domi-
nates the coastal landforms. A a result of the seaward projecting bedrock
coupled with a focusing of wave nergy, only small, coarse grained sand,
pocket beaches are found in the rea from Point St. George to Battery
Point. Field observations during the course of this study suggest that
only small quantities of sand move southward around Point St. George.

Along South Beach the littoral current pattern is controlled principally
by angle of wave incidence at the beach. Current observations by a Corps
of Engineers field crew and by the ARG field party, in summer 1965,
suggest an eddy pattern in the region during the summer which may cause
sediment to be transported northwestward toward Crescent City. The
prevailing coastal current during the summer has a southerly set. Winter
current patterns are similar except when related to the refraction of sea
and swell from the southwest at which time the littoral current may be
more closely related to local winds than to wave refraction.

The sediment characteristics of the coastal zone can be related to the
pattern of littoral drift. North of Point St. George sediment sizes indicate
a general direction of the littoral transport to the south. Mineral analysis
reveals a concentration of more stable materials with greater distance
from the sediment source - the Smith River. In addition, dune sands are
finer near Point St. George than they are near the mouth of the Smith
River. The fluvial marine terrace materials near the mouth of Jordan
Creek are generally coarser and disrupt this overall trend along North
Beach.

Tides

Tidal curves for northern California are characterized by asymmetry.
Near Crescent City the mean range is four feet, but extremes of nine and
one-half feet occur during both June and December.

.9

'- 6--I |



Coastal Features and Regional Geomorphology

The coastal region from the Smith River to the Klamath River has
been divided into ten zones (Map 2). The significant features of each of
these zones are described in the following paragraphs.

Zone I

Relatively narrow, steep, coarse-grained beaches reflecting
exposure to high wave energy. Sediments are both fluvial and
marine. Jurassic outcrops are common.

Zone II

Near the mouth of the Smith River (Figs. 12 and 13) beaches are
steep, coarse-grained, and narrow. The percentage of quartz
is significantly higher than in Zone I. The large sand spit
indicates drift from north and also illustrates the complex rela-
tionship between the bedrock channel of the Smith River and
littoral drift.

Zone III

Fluvial materials reqorked from ancestral Smith terrace
(Jordan Creek) are reflected in beach characteristics. Beaches
are steep, coarse, and relatively narrow. Fluvial gravels and
cobbles are frequently arranged in cuspate form.

Zone IV

Beach characteristics are similar to Zone II (Fig. 14). However,
sediment is noticeably finer and slopes are flatter - probably
reflecting increased exposure to northwest winds and distance
from sediment source. A wide area of active dunes indicates the
same general relationship.

Zone V

Characteristics of beaches near Point St. George are determined
by highly resistant Jurassic headlands (Fig. 15). Sea stacks and
outliers are numerous. Sands are fine, with slopes varying
according to exposure.

Zone VI

Pebble Beach is a relatively narrow, flat, fine grained beach
anchored between bedrock headlands. Although "pebbles" are

20
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Fig. 12 Mouth of the Smith River and Structural Trend II. View to
the east (August 1965).
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Fig. 13 Mouth of the Smith River showing sand bar. View to the
south; note Castle Rock in background (August 1965).
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Fig. 14 Active dune fields north of Point St. George. View to the
north (August 1965).
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Fig. 15 Point St. George showing Jurassic seastacks. View to
east over Pliocene formation backing Pebble Beach
(August 1965).
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common in winter, the summer matrix is fine sand. The St.
George formation (Pliocene) o,tcrops along the beach.

Zone VII

Beaches are bedrock controlled. There are a number of
relatively steep cliffs witi" small pocket beaches in the zone.

Zone VIII (South Beach)

South Beach is an arcuate sand deposit positioned between the
eastern Crescent City B, !akwater and the Coast Range. In
profile, this beach is re. tively wide (400 feet to 600 feet)

and flat (1:50-100). Sedi. ient ranges from fine to medium sand,
but cobbles and coarse shell fragments are common, particu-
larly in the southeastern one-half of beach. The major sediment
source is a fluvial terrace irnmediately inland (Fig. 16).

Zone IX

South of South Beach the Coast Range parallels the shoreline
(Fig. 17). Small pocket beaches occur in accordance with local
conditions.

Zone X

The tenth zone is the region enclosed by the breakwaters forming
Crescent City harbor.

In summary, the coastal characteristics along the Smith River Plain
reflect a -lo':e correlation between (1) wave exposure, (2) bedrock
influences, and (3) various sources of coastal sedimert. Beaches range
from narrow and small, coarse-grained pocket beaches to long, straight
or arcuate beaches of sand and gravel.
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Fig. 16 South Beach showing mouth of Cushing Creek near A. R. G.
Beach Profile Site No. 7. Vie\w to northeast showing trun-
cated Battery Formation (fluvial) (August 1965).
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Fig. 17 Jurassic cliffs exposed along Structural Trend I. View to
east showing one of the local sources of sediments for
South Beach (August 1965).
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IV. EXPERIMENTAL TECHNIOUES

The primary objective of the study was to learn as much as possible
about the long term and short term dynamics of coastal processes at
South Beach *(Fig. 18). To do so within the available funds necessitated
the selection of optimum sites and required careful experimental design.
These considerations are discussed in the following paragraphs.

Site Selection and Description

Based on the findings of the regional analysis of the coastal zone,
presented in Section Irl, seven beach profiles and two locations for beach
grids were located on South Beach. A site for offshore study was selected
so that it was directly offshore from one of the beach grids. These
locations also coincide reasonably well with profiles monitored by the
Corps of Engineers; their Profiles 3 and 4 were located specifically to
overlap our central profiles.

Beach Profiles

Seven beach profiles were selected for study. Permanent bench-
marks were set at each location. The elevation of each benchmark was
determined, using the Coast and Geodetic Survey Benchmark, R-4R-BM-73.
The establishment of the seven sites was for the following purpo-3es:

1. To run beach profiles (five-foot intervals so a comparison
would be possible at various seasonal periods)

2. To make a topographic map of the beach

3. To be used as a reference for fathometer profiles from
shore to approximately 1. 5 miles (statute) seaward.

Beach Grids

Sites 3 and 4 (ARG Profiles 3 and 4) were also selected as locations
for beach grids, For the intensive study, the field part established three
lines of grid rods at each site (Fig. 19). Lines I and 2 were spaced
100 feet apart and lines 2 and 3 were located 200 feet apart. Each line
had 15 rods spaced 25 feet apart, Although the rods were taped with
fluorescent tape, caution signs were necessary to prevent unusually heavy
automobile traffic from disturbing the controlled experiment and also to
assure safe conditions for pedestrians.

The purposes for the beach grids were:
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1. To measure the sand displacement within tides, between
tides, and between high energy-low energy conditions

i... To measure wave runup by using a stop watch to measure

awash

3. To estimate approximate wave height

4. To estimate littoral current

5. To locate points for collection of sand samples.

Offshore Grid

A grid was established for SCUBA observations of sediment transport
in water approximately 30 feet deep at low-low water. The grid was
approximately one-quarter mile offshore and consisted of two concentric
squares, 40 feet and 80 feet on each side, respectively (Fig. 20). Rods
for the measurement of sand transport were placed at the corners of the
grids, and a charge of sand dyed with spirit-soluble Uranine was placed
in the center of the grid for diffusion studies. No significant results were
obtained because of contamination of sampling slides.

Schedule and Procedures

The experiments on South Beach consisted of two primary sub-
programs, (1) seasonal profiling, and (2) intensive study; and one
secondary subprogram, coordinated onshore-offshore study.

Seasonal Profiling

Each of the seven profiles was surveyed periodically from August
1965 through December 1966. Traverses were made at low tide with
five-foot spacings between readings. Sediment samples were collected
from the lower beach, midtide zone, and the berm.

Intensive Study

Two periods of intensive study were undertaken during the contract.
During summer 1965, and Winter 1965-1966, intensive study observations
were made of (1) within-tide, and (2) between-tide beach dynamics.

In the summer period, beginning in mid-July, within-tide beach
dynamics were measured on a tidal cycle (25 hours) for seven days. For
two tidal cycles, measurements were taken at all rods on both grids at
approximately three-hour intervals. For the remaining days, meab'lre-
ments were made approximately every six hours. The field crew
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Fig. 20. CONFIGURATION OF OFFSHORE GRID
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measured each rod with a hand held "slide -rule" (Fig. 21). The rods
were repositioned at a premarked zero point after each measurement.
During the winter period, within-tide observations were made approxi-
mately every six hours.

In summer 1965, between-tide observations of both grids were
measured once each day at low-low tide. Profiles were resurveyed
every three to four days. Sand plugs (white sand embedded into the
beach as in Fig. 22) and littoral current measurements were made daily
for the first two days and then every three or four days until mid-August.
Observation of sand transport during the period of within-tide observation
indi :ated that the movements did not warrant daily measurement for the
entire period. Rods were measured as described in the previous
pa rag raph.

Onshore-Offshore Coordinated Study

Concurrent with four days of between-tide observations on the sub-
aerial beach in August 1965, underwater observations were taken during
each tidal day on a six-hour cycle. The divers, using SCUBA gear, *
measured and reset each rod by observing exposed taped sections (Fig. 23).
They then too( sand diffusion samples on silicone greased, plastic
microscope slides. The slides were stored in airtight plastic boxes for
subsequent laboratory analysis,

*SCUBA (Self-Contained Underwater Breathing Apparatus) operations were
previously described in a paper entitled "Utilization of bCUBA Techniques
for Sediment Transport Studies," presented at the Offshore Exploration
Conference (OECON), 1966.
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Fig. 2•1 The displacement of sand is measured for within-tide,
between-tides and during high/low energy condition
variations. Notice the swash zone, outer bar, and
inner trough in background, and the grid rods, "slide
rule" and measurement procedure in foreground
(July 1965).
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V. DYNAMICS OF SOUTH BEACH

General Description

South Beach is an arcuate beach approximately four miles in length.
As shown in Map 3, the beach consists of two primary subregions: the
northwesterly half, which consists of a broad, flat beach backed by
recent fluvial materials; and the southeasterly half, which consists of a
beach backed by truncated fluvial material of the Battery Formation. The
beach is terminated on the southeast by an exposed cliff of Jurassic
material.

The beach is composed primarily of fine to medium sand containing
a variety of minerals, principally quartz and rock fragments. The beach
sediments are derived from Pleistocene terraces and minor amounts of
fluvial material transported into the region by Elk Creek. Analysis of
the sand samples taken during 1964 to 1966 between the lower beach and
the berm reveal little coarse sand in the matrix. The pebbles and cobbles
which are present in the southern zone of South Beach result from erosion
of the truncated formation exposed in that zone. As a result, the beach
sediments of South Beach are bimodal; both sand and cobble-pebble
fractions are present and both are well sorted. The steepest part of the
beach profile is near the berm crest while that section submerged during
high tide is wide and flat. These characteristics vary only slightly

throughout the year.

Although beyond the scope of the study, some offshore work was con-
ducted using fathometer traverses and diving operations by ARG personnel.
Additionally, some foreshore information was collected from the U. S.
Army Corps of Engineers, San Francisco District Office. The profiles
made by the latter agency are presented as Figs. 24 through 29.

During much of the summer season there is an inner trough and a
well developed bar (Fig. 30). From the crest of the bar the slope seaward
is very gradual and the bottom is relatively featureless. About 1500 to
2000 feet offshore, at approximately the 20-foot to 30-foot depth contour
there is a bedrock scarp. Initial analysis of this scarp leads to the con-
clusion that it is associated with St, actural Trend III, described in
Section II. Although this break in the offshore slope was easily detected
and can be seen in Figs. 25 through 29, the exact role it has in the modifi-
cation of incoming waves was not established during this study nor is it
immediately apparent frorn the refraction charts in Section III.

Seasornal Beach Variability

The results of the experiments cond icted on Smith B•,., h mndi. itc that
the beach is cyclic in nature, building seaLw.ird duiring the silrn e•.r and
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Fig. 30 Trough and bar at Site 3 during low, low tide at South Beach.
View north, northwest toward Crescent City (August 1965).

41



retreating landward in response to winter conditions,'- The magnitude of
change at the most active area on the beach, about seven feet between the
greatest summer maximum and the lowest winter minimum, is small
when compared to beaches elsewhere in California.

Beach Morphology

Figures 31 through 37 summarize sand level changes observed along
the seven profiles during the study. The profiles reflect the magnitude
of sand level change occurring during the study period and clearly reflect
the seasonal trends of South Beach. December through April, the season
of maximum wave energy, is the season of maximum beach variability
(Fig. 38). Conversely, from May through November (Fig. 39), the beach
reflects some variability (Refer to Fig. 37 which shows a summer
variation of about five and one-half feet during the study). The most
frequent changes during the summer are the results of the tide, the range
of which was aoout 10 feet (-2. 0 to +8. 0), and the response of the beach
thereto as discussed below.

Figures 40 and 41 present standard deviation of the seasonal profiles
at Site 4 during summer and winter observations, respectively.

Sediment

The results of the seasonal sediment analysis are shown with the
profiles (Figs. 31 through 37). In General, only minor variations in grain
size occur in the sands of South Beach. The beach material is biomodal
in character, particularly in the winter season. Specifically, it tppears
that during periods of highest wave energy cobbles ind pebble.i are
winnowed out of the backshore terraces. Conc ý-rently, the finer sand
portion of the matrix is moved offshore. Thus the ( oairse fraction is a
lag deposit that varies with the seasonal char,;, ter of waves and currents
(Fig. 42).

*Appendix B presents a tabulation of the seasonal and short-term tidal
variability measurements.

0 0::-Bascom (1964), Shepard (1963). Wiegel (1964), and the Corps of

Engineers, San Francisco District Office LCFSF-, (1965) summarize the
seasonal characteristics of the profiles of a large sampling of beaches
throughout California. In the greatest number of ca es the winter profiles
exhibit changes of more than eight feet. One beach -eported in the CE.F
report, Shelter Cove, which has a regional exposure similar to South
Beach, reflects relativelv stable conditions (about six feet).

Bascom also describes the effects of a protecting headland on beach slope
and sand size at Half Moon Bay but does not include seasonal analysis of
that effect.
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Fig. 38 So ith Beach at low, low tide at Site 4 showing bimodal
se,'iment matrix. View north, northwest toward
Crt scent City (December 1965).
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Fig. 39 South Beach at low tide illustrating low energy wave condi-tions and relationship of the submarine -xperiryent to thesubaerial experiment (August 1965).
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Le

Fig. 42 Erosion along small creek outwash near Site 4 showing
bimodal character of the beach matrix in winter (De-
cember 1965).
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No significant change was observed in the mineralogy of the beach

sediments. The composition of the beach material was consistently
about as listed in Table I.

TABLE I

BASIC MINERALOGY OF SOUTH BEACH SEDIMENTS*

Percentage
Material

Summer Winter

Qua rtz 35 35

Rock Fragments- 35 41

Metagraywackf.
Greenstone
Chert
Quartzite
Chlorite fchist
Granite (?)

Shell 5 14

Epidote 3 *

Olivine 5 4

Rutile 5 3

Siderite 3 **

Others:

Magnetite, Ilmenite, Sphenc (?) 3

From samples taken at midtide on Profil: 4

Included in "others".

The mineralogy of South Beach suggests that the sediments arr- of
local sources, primarily the Pleistocene materials backing the beach

and the Jurassic material immediately south of the beach. (Details of
Fample analysis are included in Appendix C.

Short-Term Tidal Beacti Variability

As stated previously, the objectives of short-term beach variability

experiments were to detect changes in beach configuration and sediment
characteristics which m-ght be associated with processes controlled by
the tides.
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Within-Tid. Variations

Within-tide variations probably do occur on South Beach. Howe-re-,
despite the care in design of the experiment, the within-tide data are
c-onsidered to be statistically invalid because the grid rods were "pulled"
or bent by driftwood or other causes. The exact cause of their being
"pulled" is unknown, althcugh it may be associated with vibrations of the
rods themselves. The cause of their being pitled or bent by driftwood is
quite evident from Fig. 43.

Between-Tide Variations*

Between-tide variations at ARG Profile 4 were of greatest magnitude
during the summer. These variations are shown in Fig. 44. The largest
changes occurred in the berm and trough zones. Between-tide variations
in winter are much less pronounced than in summer, as illustrated in
Fig. 45. In winter the largest changes occur in the same zones as in
s umrr, me r.

Figures 46 and 47 also show the between-tide variations along
Profile 4 during the irtensive study periods in summer and winter. In this
case, however, the dynamics of each point along the profile are illustrate,
as a function of height versus time, height of high-high tide, and wave
height. Inspection of the summer information (Fig. 46) shows a period of
complex activity during late July 1965, coincident with the highest tides.
Another period of significant activity took place during the four-day
period 10-13 August 1965, whe.n a storm passed through the area. The
winter period of observations took place during the highest annual tides
and a relatively constant level of wave height.

Observations from Onshore-Offshore Coordinated Study

The data collected during the brief SCUBA experiment in summer 1965
were not conclusive. But when considered with respect to the excellent
information collected on the subaerial beach, the data indicate a rehLt.on-
ship between the responses of the subaerial and submarine beach to wave

energy conditions.

*Since measurements of the beach change were replicated along several

parallel lines, statistical tests of the analysis of variance were uscd to
determine whether observations could be combined intc a single set of
measurements for each site. The results indicate tha, sand level variation
and beach sediment variation between lines,within sites was insignificant.
Therefore, the results of the experiments conducted along South BE Ach
suggest that changes in configuration and sediment along the beach are
aniform in response to within-tide and between-tde variations. As a
result, only a single line at a singie site is necessary to illustrate between-
tide variations.
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Fig. 43 South Beach at high tide at Site 4. View northward along
berm toward Crescent City. Note results of log move-.
ment on beach in the bending of the six -foot, one inch
pipe used as a benchmark in summer (December 1965).
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Figure 48 illustrates the overall beach profile (line 4) at the
approximate center of South Beach. Two different wave energy conditions
were observed. Tide A (9 August 1965) and Tide B (11 August 1965).

During Tide A, the wave energy was low; during Tide B, the energy was
high. As shown graphically, sediment was deposited on the subaerial
beach during Tide A but eroded during Tide B. The converse was
happening over most of the submarine grid during these two tides. *

*As was stated in Paragraph VII of the Statement of Work, the project

was to include examination of offshore conditions "within the scope of the
project and capabilities of the personnel." Despite the limited results
of the work, the experiment went relatively well. However, significant
problems were encoiintered which may be of interest to other researchers
who have not worked in the submarine zones of the beach save from the
relatively dry confines of a pier. Therefore, although the problems and
the solutions used do not add to the substance of this report, they are
recapitulated in Appendix D.

Analysis of diffusion samples was inconclusive because the slides were
contaminated as indicated by the control slides in each slide box.
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V1. SUMMARY AND RECOMMENDATIONS

Two principal conclusions have been reached through the study of
South Beach. The conclusions are:

First, that the coastal landforms and the processes observed
on the beach are primarily contrnlled by the geomorphology
of the Smith River Plain, and

Second, that the beach does not exhibit the dynamics character-
ist'c of most California beaches.

These conclusions are summarized in the following paragraphs together
with several recommendations for future work.

Controlling Influences of the Smith River Plain

Three factors of the geomorphology of the Smith River Plain are the
main influences on the dynamics of South Beach. They are described in
the following paragraphs.

Orientation

The principal factor is orientation. South Beach is protected by
Point St. George and by the southwesterly trend of the coast range from
sea or swell approaching from any but a south-southwest to west-
southwest octant. In addition, the Point appears to block the norma!,
coastal currents causing an eddy to exist during the summer season. As
a result, the littoral currents along the beach have a northerly set in
contrast to the southerly set of the deep water currents.

Tilting

Because of the uplift along Structural Trend III, the mouth of tho
Smith River, which is the principal source of sediments for the regon,
has been diverted to the north. Additionally, most of the sediments which
do reach Point St. George are apparently lost to deep water as they pass
the scarp associated with the Trend. Furthermore, it appears that the
exposure of a wide platform along the Trend directly offshore from the
beach dissipates a large amount of the wave energy approaching the beach
from the southwest.

Sediment Sources

The sources for sediment on South Beach are limited to recent fluvial
materials along its northwesterly half and fluvial materials from the
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Pleistocene Battery Formation on the southeastern half. Erosion of
sediment is principa.ly from the latter source and only during periods
of high-high tides or severe storm activity. Some sediments are also
available from the Jurassic headlands to the south of the beach; coupled
with the other elements of beach formation, this sediment is apparently
sufficient to replenish the beach sand budget if sand is lost offshore,
and to result in a state of relative equilibrium. The prevailing winds
have little direct effect on the ,ransportation of sediments to or along
South Beach.

Beach Dynamics

As noted above and described in Section V, South Beach, in contrast
to e majority of California beaches, is not a dynamic beach. The
cha acteristics of the beach and the relationships of the parameters
aff cting the beach are summarized in the following paragraphs.

Characteristics of South Beach

During the. eighteen months of the study, the beach showed a maximum
of only six feet between seasonal profile and insignificant changes in the
size and composition cf the sediment matrix. As noted in the first
conclusion, the causes of the apparent short- and long-term stability of
the beach are principally connected to its relationship with the Smith
River Plain. It is expected that additional studies of similarly exposed
beaches will reflect similar characteristics.

Relationship of Agents of Beach Formation

As stated previously, the most active agent of beach formation on
South Beach was wave energy. Because the energy from waves propagated
dir~ctly onto the beach without appreciable refraction from storms
approaching the area along the southwestern storm track is dissipated by
an offshore shelf, beach changes are not closely correlated with such
storms. Furthermore, because the energy from waves generated by
storms following the prevailing northwestern storm track is reduced by
refraction around Point St. George, beach changes are not closely
correlated to these storms. Hence the seasonal changes which do occur
are related to the net increase in total wave energy, independent of
direction, caused by the net increase in the number and intensity of
storms generating waves which reach the st dy area. Within each
season, summer and winter, the changes in elevation of the bench are
related to tidal activity, e. g. , the position of activity on the beach is
directly related to the tide.
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Neither currents nor precipitation were related to related to beach
changes. Local winds may have had some local effects on the littoral
currents, but it appears that current effects did not play a major role in
beach formation. The role of precinitation in beach formation was
obscured during the study of South Beach since for virtually the entire
period of study the back beach, which might have responded to precipitation,
was covered with driftwood.

Recommendations for Future Studies

It is obvious that additional study will provide further valuable data
on any region. However, for the purposes of possible follow-on to the
present study or for similar studies, four recommendations are
appropriate.

Duration

As stated by Shepard (1963), "seasonal cycles are sometimes very
erratic." Certainly a study based on eighteen months or two years of
data is not of sufficient duration to determine possible erratic seasonal
cycles. For basic purposes, however, it appears that a two-year program
of observationa is a minimum for an area in which climatic conditions are
as variable as those along the Pacific Coast of the United States.

Logistics

Directly related to duration is the problem of logistics, A permanent
field station manned by at least one person whose sole responsibility is
to make the beach observations is a definite requirement if an investigator
is to obtain consistent and reliable periodic measurements.

Wave Measureraent

For any future investigations of this nature, at least one wave gauge
should be installed in the study region. Despite the availability of suitable
techniques for hindcasting waves, no such method can replace direct field
measurements.

Automatic Data Processing

Within the scope of the present project, it was impossible to undertake
either comprehensive desk calculator or computer correlation of all of
the dynamic processes influencing South Beach. Therefore, analyris was
based on inspection of the data and graphic summaries which were
sufficient to fulfill the project objectives. Further statistical analyses
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of the data collected during the present study might provide additional
information for analysis of the beach. For future studies of both
limited and broad scope, it is recommended that all basic data, e g.,
sand measurements, wave observations or measurements, weather
records, and other experimental measurements, be reduced to computer
format to facilitate numerical analysis including frequency studies
within a given parameter and cornelation studies between parameters.
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Volume I of this report presente the results of a study of the dynamics of South
Beach located adjacent to Crescent City, California, conducted under Contract No.
DA 19-129-AMC-684(N) between Atmospheric Research Group and the U. S. .Xrmy
Natick Laboratories, \>The objectives of the work were twofold: 41 to relate the
beach dynamics to the overall morphology of the Smith River Plain, the region in
which the beach is situated, and (2ý to develop techniques5 to accomplish the study.
The Smith River Plain is a lowland segment of the Klamnath Mountains Prov~nce.

of the Plain is controlled by location, orientation, and exposure of bedrock. To
conduct the study within the scope of the project nec~essitated the selection ofseveral key sites and the utilization of specialized sampling techniques for seasonal
profiling and for short, intensivi,, study. South Beach is an arcuate beach, about
four miles in length, composed principally of medium to fine grained sands. The
beach reflects only minor seasonal or tidal variability, and its configuration is
controlled by its exposure to wave forces by local geomorphology. (

Volume II presents a tabulation of the statistics collected during the study. They
include: (1) summary of wind speed and wind direction data from an automatic
Mechanical Weather Station located on South Beach, (2) measurements of be~ich
dynamics on South Beach, (3) analysis of mineralogy of beach sedimnest~g (4) e ~la
tion of the problems experienced with the underwater experiment, and )data
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